Differential diagnosis of acute stroke: a review C M C Allen MA MRCP Department of Neurology, Charing Cross Hospital, London W6 8RF Acute stroke is a common neurological syndrome best defined as a sudden, focal, nonconvulsive deficit of brain function. By convention the syndrome is divided into transient, evolving and completed stroke according to the way in which the deficit develops over the first 24 hours from its onset. In this review only strokes which persist for more than 24 hours will be considered. Of patients with persistent stroke, about 80% have cerebral infarctions and 10-15% intracranial haemorrhage (Oxford Community Stroke Project 1983, Allen 1983) . A small proportion (3-5%) have various types of lesion other than the expected cerebrovascular pathology. These include cerebral tumours, abscesses, subdural haematomas and other mass lesions (Dalsgaard-Nielson 1956 , Groch & McDevitt 1961 , Gurdjian et al. 1960 , Allen 1983 ).
The differential diagnosis of an acute stroke has been simplified by the introduction of cerebral X-ray computed tomography (CT). However, in the UK most of the victims of stroke are cared for by physicians who do not-have easy access to this investigation; for this reason there is still a place for clinical assessment and the diagnostic use of lumbar puncture.
Radiological differential diagnosis
On a CT scan, cerebral haemorrhage can be reliably demonstrated immediately and for some two or three weeks after the stroke ictus. Clotted blood within the brain shows as an area of high X-ray attenuation surrounded by a rind of low attenuation. This black halo around the white image of the haematoma is due to retraction of the clot and pressure necrosis of the neighbouring brain with some focal oedema (Kendall & Radue 1978) .
Cerebral infarctions may not be visible on the scan in the first few hours after a stroke. As the ischaemic area becomes oedematous and part of it undergoes liquefactive necrosis, an area of low attenuation is seen on the scan. Swelling of the ischaemic area may cause some mass effect during the first week following a stroke with displacement of midline structures. In the second week invasion of the infarct by phagocytic glial cells may render the area isodense to the surrounding brain (Becker et al. 1979) . At this stage the blood-brain barrier is deficient and contrast medium injected intravenously will leak into the infarcted area allowing positive identification of the lesion (Yuiche et al. 1980) . Careful attention to the timing of scans and the judicious use of contrast injections will allow about 80% of cerebral infarctions to be imaged with the CT scanner in the first three weeks after a stroke (Allen 1983) . Some cerebral infarctions become very haemorrhagic, especially those caused by emboli. This is thought to occur when an embolus. disperses, leaving the vascular endothelium damaged by ischaemia to face the full force of systemic arterial pressure (Blackwood 1979) . From the CT scan appearances it may be difficult to distinguish these infarcts from 'primary' intracerebral haemorrhage. After a few weeks cerebral infarcts become organized into cystic lesions in the brain. These mature cerebral infarcts show as well-demarcated low attenuation lesions without contrast enhancement, distinguishable from the less clearly outlined acute infarcts. Some weeks after a cerebral haemorrhage, absorption of the electron-dense haemoglobin leaves an area of low attenuation, often considerably smaller than the original haematoma. These low attenuation lesions may be hard to distinguish from a mature 'Accepted 13 June 1984 (D 1984 The Royal Society of Medicine 0141-0768/84/100878-04/$01.00/0 infarct. The 20% of infarctions which are not positively identified on the CT scan are usually small lesions below the practical resolution of the scanner. Patients with such small lesions usually will have presented with acute brainstem strokes or one of the lacunar syndromes described by Fisher (1982) . Advances in X-ray CT scanner technology and the introduction of nuclear magnetic resonance (NMR) scanning will allow many of these small infarctions to be imaged in life.
Mass lesions are usually easy to distinguish on a CT scan from cerebrovascular lesions. The displacement they cause of the brain's midline structures is persistent and progressive in the absence of treatment. Tumours are surrounded by areas of white matter oedema which often spread extensively through the cerebral hemisphere. The pattern of contrast enhancement seen in the tumour itself is usually recognizably different from that of infarcts. The distinction on a single scan between a tumour and a swollen infarct may be difficult after the administration of steroids. The oedema associated with tumours is often considerably reduced by steroids and even the pattern of enhancement with'contrast material altered. However, a CT scan repeated after a few weeks will enable the radiological diagnosis to be made with more confidence. Clinical assessment Despite the substantial advances in neuroimaging which have been made over the last decade, the initial clinical assessment of a patient with acute stroke remains important. On most occasions clinical data are required for accurate interpretation of the CT scan image, just as with a chest radiograph. Furthermore, many physicians have to decide on the basis of their clinical assessment whether or not to transport a patient to the nearest CT scanner to clarify the diagnosis. Further specialized investigations may also be required to ascertain the cause of the patient's lesion. Clearly, the certainty with which the diagnosis needs to be' established depends on the consequences of misdiagnosis. Clinical diagnosis of the stroke syndrome, as with most clinical diagnoses, can seldom be certain.
Is it a mass lesion?
The initial anxiety of the clinician assessing the victim of an acute stroke is whether a mass lesion is present (Marshall 1976) . Careful history taking is vital in excluding this uncommon occurrence (Allen 1983 ). If there is a clear history that the focal deficit evolved to its maximum extent in less than 24 hours, a mass lesion is unlikely. Uncommonly, progressive carotid occlusion may cause a deficit to evolve over a longer period (Clarke & Harris 1958) . However, patients whose focal deficit continues to evolve, especially when it does so in a saltatory manner, should be viewed with diagnostic suspicion: 10-43% of patients presenting in this way prove to have a mass lesion (Carter 1960 , Weisberg & Nice 1977 . A history of convulsions, especially focal fits, should raise the suspicion of the presence of a non-vascular lesion. Fits occur at the onset of an acute cerebrovascular lesion in less than 5% of patients (Allen 1983) . A preceding headache or raised intracranial pressure and papilloedema never occur in patients with a recent cerebral infarction. Uncommonly patients with intracranial haemorrhage give a history of headache, usually of sudden onset some days before the onset of their focal deficit. Patients with subdural haematoma are usually recognizable by a fluctuating depression of consciousness out of proportion to their modest focal deficit. Patients with large cerebral infarcts have a severe focal deficit and may deteriorate in their level of consciousness after a day or two. This is probably due to the mass effect of the swelling ischaemic brain. Where the clinical history is indistinct, as it is in up to one-third of stroke victims, two diagnostic strategies are available. The patient may be transferred for a-CT scan or reassessed clinically after a period of time. Which strategy is chosen should depend on the clinical state of the patient. If the conscious level is well maintained, there is usually no urgency for transfer. Haemorrhage or infarct? Traditionally the second diagnostic dilemma with an acute stroke is the distinction between haemorrhage and thromboembolic infarction. This distinction is to some extent artificial since very haemorrhagic infarctions may be difficult to distinguish from haemorrhage due to 'primary' blood vessel rupture, even at post-mortem (Mutula et al. 1963 ). The well known clinical criteria for distinguishing infarction from haemorrhage originate from the postmortem study of Aring & Merritt (1935) . According to these authors, patients with haemorrhage are distinguishable by their relative youth, sudden severe headache with vomiting at the onset, early and persistent coma, conjugate eye deviation, neck stiffness and evidence of transtentorial herniation. It has been said that patients with primary intracerebral haemorrhage 'are almost invariably hypertensive' (Marshall 1976) . However, Marshall also pointed out that the blood pressure on admission is a poor guide to the presence of hypertensive disease. Indeed Aring & Merritt (1935) observed that cerebral haemorrhage was 'not rare in a patient with normal blood pressure'. In a recent CT scan controlled study it was shown that a history of antecedent hypertension slightly favoured the diagnosis of cerebral infarction. On the other hand, the diastolic blood pressure measured 24 hours after admission was more likely to be elevated in patients with haemorrhage (Allen 1983) . This suggests that it is previously undetected hypertension which is more frequent in patients with intracranial haemorrhage who present with a stroke than those with cerebral infarctions.
Studies of patients with acute stroke in whom the diagnosis was made in life have largely confirmed the old observations that there are clinical features which are more common in one type of stroke than another (Harrison 1980 , Allen 1983 . Aring & Merritt (1935) confidently asserted that with their criteria the distinction of infarctions from haemorrhages could be made in 'nearly 100% of cases'. However it has been repeatedly demonstrated that this is not the case (Dalsgaard-Nielson 1956 , Heasman & Lipworth 1966 , von Arbin et al. 1981 . The difficulty in making an accurate clinical diagnosis in an individual with stroke is due to the substantial overlap in the clinical features between patients with haemorrhage and those with infarctions. It has been shown that even after careful quantitative analysis of their clinical features, up to one-half of patients with haemorrhage will be diagnosed as having had infarctions (von Arbin et al. 1981 , Allen 1983 . However, since about 80% of all patients have infarctions, the overall predictive accuracy of clinical diagnosis can be as high as 90%.
Examination of the cerebrospinal fluid (CSF) has been advocated as a useful adjunct to the differential diagnosis of stroke. It has been reported that 59-80% of patients with haemorrhage have blood or xanthochromia in their CSF (Krabbe & Jorgenson 1931 , Aring & Merritt 1935 , Weisberg 1979 , Harrison 1980 , Britton et al. 1983 . Therefore the CSF examination as a test for haemorrhage may be specific (about 95%, Britton et al. 1983 ) but has a false-negative rate of 20-40%. Unfortunately it is usually those patients whose haematomas present in the clinical guise of infarction that have a clear CSF. Britton et al. (1983) have reported the additional value of CSF protein estimation. In their study the finding of a CSF protein of more than 1.0 g/l was a sensitive (89%) test for the presence of haemorrhage with a high specificity (92%). There may therefore be circumstances in which the CSF examination can aid the clinical diagnosis of stroke. However, patients in whom the diagnosis is in doubt because of an inadequate history should not be submitted to lumbar puncture since it is in this group that unforeseen mass lesions are more likely (Allen 1983) . Two scoring methods have been described to aid the clinical diagnosis of the type of lesion present in a patient with acute stroke (Hatano 1976 , Allen 1983 ). Both of these methods give different weightings to the various clinical features so that the most likely diagnosis can be determined. These methods should not be used to make a dogmatic diagnosis. Instead they can be used to decide the relative probability that an individual has a cerebral infarction or haemorrhage. This should enable the clinician to perform a diagnostic triage. He can identify patients who are very likely to have a cerebral haemorrhage, those in whom a cerebral infarct is probable and those in whom the diagnosis is doubtful. In the last group further investigation is essential if potentially dangerous therapy is proposed. If certain diagnosis is demanded, clinical diagnosis is insufficient.
The strategy of CT scanning all patients with acute stroke may seem ideal in view of the demonstrated uncertainty of clinical diagnosis. However in the UK such a policy would be expensive, logistically impractical and of doubtful benefit for the majority of patients. The physicians who care for patients with acute strokes now have sufficient information with which to make a useful clinical assessment. This assessment should be used to select those patients in whom diagnosis by CT scan is needed in order to apply therapy confidently.
Cause of the lesion
The final diagnostic problem with an acute stroke is to determine the cause of the lesion. In patients with haemorrhage the differential diagnosis between ruptured saccular aneurysms, microaneurysms and arteriovenous malformations can sometimes be made from the CT scan appearances. However, angiography is often necessary. Cerebral infarctions may be caused by embolism from the heart or great vessels in up to half the cases (Blackwood et al. 1969) . The clinical separation of thrombosis from embolism based on the characteristics of the onset is usually impossible. Routine clinical-cardiac assessment is usually sufficient to reveal a cardiac source of embolus. Echocardiography may be needed to confirm the nature of a heart disorder but is probably not necessary in the absence of clinical or ECG evidence of heart disease (Knopman et al. 1982) . The exception is when a stroke occurs in young patients in whom mitral valve prolapse is a significant cause of stroke (Barnett et al. 1980) . In general, a stroke occurring in a young person is an indication that the rarer causes of this syndrome should be considered (Warlow 1979) .
Progressive carotid stenosis is a potentially treatable cause of stroke. This should be considered especially in patients whose focal deficit is evolving in a stuttering fashion. The presence of a neck bruit or evidence of ocular ischaemia ipsilateral to the cerebral ischaemia are clues to the presence of carotid disease. Pain around the orbit ispilateral to the involved hemisphere may indicate the opening of collaterals from the external carotid system in the presence of reduced flow through the internal carotid (Marshall 1976) . The recently introduced technique of intravenous digital subtraction angiography (DSA) should prove useful in the investigation of the carotid arteries after stroke when conventional arteriography may be associated with an increased risk.
